Roles of DNA topoisomerases in the regulation of R-loop formation in vitro.
We have recently found that stable R-loop formation occurs in vivo and in vitro when a portion of the Escherichia coli rrnB operon is transcribed preferentially in its physiological orientation. Our results also suggested that the formation of such structures was more frequent in topA mutants and was sensitive to the template DNA supercoiling level. In the present report we investigated in greater detail the involvement of DNA topoisomerases in this process. By using an in vitro transcription system with phage RNA polymerases, we found that hypernegative supercoiling of plasmid DNAs in the presence of DNA gyrase is totally abolished by RNase H, suggesting that extensive R-looping occurs during transcription in the presence of DNA gyrase. When RNase A is present, significant hypernegative supercoiling occurs only when the 567-base pair rrnB HindIII fragment is transcribed in its physiological orientation. This result suggests that more stable R-loops are being produced in this orientation. Our results also suggest that DNA gyrase can participate in the process of R-loop elongation. The strong transcription-induced relaxing activity of E. coli DNA topoisomerase I is shown to efficiently counteract the effect of DNA gyrase and thus inhibit extensive R-looping. In addition, we found that an R-looped plasmid DNA is a better substrate for relaxation by E. coli DNA topoisomerase I as compared with a non-R-looped substrate.